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SUMMARYOF RESEARCH

NAG5-295

INSTRUMENTSTATUS

TheIMP-7satellitewaslaunched26September1972with initial perigeeandapogeegeocentricradial
distances31.5and36.9Earthradii,respectively.Orbitalperiodwas295hoursandtheorbitwasinclined
32 degreeswith respectto theeclipticplane.The periodof operationfor theUniversityof Iowa's
LEPEDEAinstrumentwas5 October1972until thecessationof spacecraftoperationson 31October
1978.Thespacecraftwassuccessfullyreactivatedfor a shortperiodin 1985.TheIMP-7LEPEDEA
instrumentprovidedexcellentplasmadatauptotheturn-offtime.

The IMP-8(Explorer-50)satellitewaslaunched26 October1973. The IMP-8 orbit is geocentric,
approximately30Rex 40Re,12.5dayperiod(60%in SolarWind). Theperiodof operationsfor the
LEPEDEAinstrumentbegan15November1973.TheLEPEDEAcontinuesto functionsuccessfully,
althoughwith reducedsensitivityaftermanyyearsof operation.Theinstrumentresponseis checked
periodically.

RESEARCHACTIVITIES

Analysesof dataobtainedfromIMPs7 & 8 weredirectedtowardtwoimportantareasof magnetospheric
research:(1) upstreamingionsfrom theearth'sbowshockinto the interplanetarymedium,and(2)
dynamicsof theplasmasheetduringmagneticallyquiescentanddisturbedperiods.

In addition,analysesof simultaneousobservationsof this phenomenawith theISEEspacecraftwere
performed.

IMP-8wasthefirst spacecraftmissiontogiveplasmavelocitydistributionsin themagnetotail,revealing
theexistenceof dynamicboundaryregionsborderingtheplasmasheet.Thebasicplasmaandmagnetic
topologyof themagnetotaildiscoveredbyIMPs7 and8waslaterconfirmedbytheISEEandAMPTE
spacecraft.

The IMP-8 project mademajor contributionsto our understandingof plasmaprocessesin the
magnetosphere.Insightinto substormprocesses,in particularplasmadynamics,wasgained. Case
studiesof individualeventsaswellasstatisticalanalysesof largenumbersof substormswerecarriedout
inordertoestablishthephenomenologyof magnetotailbehaviorduringsubstorms.



SPECIFICACCOMPLISHMENTSOF IMP-8LEPEDEAANALYSIS

Multi-satellitestudiesof substormprocesses,involvingprimarilyISEEandIMP-8,havedemonstrated
theimportanceof theboundarylayersin magnetotaildynamics(Eastmanet al., 1984;Eastmanet al.,
1985;Huangetal., 1984;Lui etal., 1984;DeCosterandFrank,1985).

Multi-satellitestudiesof theplasmasheetboundarylayerhavedemonstratedthedynamicalimportance
of thatregionoutto nearly40Roandhaveindicatedthepresenceof field-alignedion beamsout to that
distance(Eastmanetal., 1985).

SimultaneousIMP-8andISEEplasmadatahaveshownthemagnetotaiisignaturesof substormactivity
(Huangetal., 1983).

Thediscoveryof filamentarystructuresprotrudingfromtheplasmasheetor plasmasheetboundarylayer
intotheloberegionisbasedonsimultaneousIMP-8andISEELEPEDEAplasmameasurements(Huang
et al., 1984). Thesefilamentarystructuresmaybe thehigh-altitudesignaturesof the thetaaurora
discoveredbyFranketal.,(1982).

NSSDCSUBMISSIONS

A completesetof IMP-8surveyslidesweresubmittedto NSSDCfor theperiodfromlaunchthrough
December1993.

SurveyplotsweresubmittedtoNSSDCfor theentiresix-yearperiodof activeIMP-7dataaccumulation
(throughSeptember1978whentheinstrumentandspacecraftweredeactivated).

Archivalof themagnetotailperiodsfor 1978wascompletedandthesetapesweresubmittedto NSSDC.
Thetapescontaintwo-dimensionalvelocitydistributionsfor ionsandelectrons.In addition,plasma
moments(density,velocity and temperature)derivedfrom the distributionswere included. The
calibrationfactorsfor 1979weredeterminedandsubmitted.

Thereprocessingof IMP-8datafor all theperiodsselectedfor thespecialISEEarchive(1977-1981,
1983,andpartof 1986)wascompleted.Datawerewrittentomagnetictapeandsentto NSSDC.

Ninetypercentof theIMP-7andIMP-8dataforAugust1975throughMay1976isarchived.



PUBLICATIONS

.

,

.

.

.

Eastman, T. E., L. A. Frank, W. K. Peterson and W. Lennartsson, The Plasma Sheet Boundary
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In the Earth's magnetotail it is established that energy and momentum transfer occur primarily in
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Frank, L. A., Plasmas in the Earth's Magnetotail, in _ Plasma Simulations, ed. by M. Ashour-
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Sheet Boundary Layer, in Ion Acceleration in the Magnetosphere and Ionosphere, ed. by T.

Chang, AGU Geophysical Monograph 38, pp. 117-126, Washington, D. C., 1986.

Plasma measurements of ion beam velocity distributions are used as a diagnostic tool to evaluate

ion acceleration processes in the plasma sheet boundary layer. Two-spacecraft observations show

that in certain cases the ion beams have been accelerated through a field-aligned potential drop.

Huang, C. Y. and L. A. Frank, A Statistical Study of the Central Plasma Sheet: Implications for

Substorm Models, Geophys. Res. Lett., 13,652-655, 1986.

The LEPEDEA on board ISEE I is used to investigate the characteristics of the central plasma sheet

under all levels of geomagnetic activity. The results of this study show that the central plasma sheet

consists of plasma with high thermal energy (several keV) but low bulk speeds. This remains true



evenduringhighgeomagneticactivity. The maineffectof increasingactivity is heatingof the
plasmasheet,preferentiallyatthehigh-latitudeboundaries.
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at low altitudes.

8. Rostoker, G. and T. E. Eastman, A Boundary Layer Model for Magnetospheric Substorms, J.
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near the Harang discontinuity in the auroral oval are compared with field-aligned currents and

particle acceleration in the plasma sheet boundary layer.

. Eastman, T. E., G. Rostoker, L. A. Frank, C. Y. Huang and D. G. Mitchell, Boundary Layer

Dynamics in the Description of Magnetospheric Substorms, i. Geophys Res., 93, 14411-14432,
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presented, and the relation to expansive phase onsets of magnetospheric substorms is explored.

10. Frank, L. A., Dynamics of the Near-Earth Magnetotail - Recent Observations, in Modeling

Magnetospheric Plasma, ed. by T. E. Moore and J. H. Waite, AGU Geophysical Monograph 44,

pp. 261-276, Washington, D. C., 1988.

Recent findings from the IMP, ISEE and DE spacecraft are presented and critical questions
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1 I. Seon, J., L. A. Frank, A. J. Lazarus and R. P. Lepping, Surface Waves on the Tailward Flanks of the

Earth's Magnetopause, J. G¢ophys. Res., 100, 11,907-11,922, 1995.

Forty-three examples of ISEE 1 tailward flank side magnetopause crossings are examined and

directly compared with the upstream solar wind parameters.


